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PREFACE 
This  Memorandum argues informally t h a t  the  Ranger pro jec t  could 
be extended beyond i t s  present termination da te  to the  advantage of 
the  Manned Space F l i g h t  Program. It o f f e r s  program planners a 
course t h a t  might provide considerable r e tu rn ,  both t echn ica l  and 
s c i e n t i f i c ,  and suggests that t h e  add i t iona l  c o s t s  incurred might be 
more than o f f s e t  i n  terms of benef i t s  t o  manned space f l igh t  as we l l  
as unmanned spacef l igh t  pro jec ts .  
The suggestion w a s  developed as  pa r t  of t he  Apollo Contingency 
Planning Study being performed for  t h e  Director  of Advanced Manned 
Missions i n  the  Off ice  of Manned Space F l i g h t  a t  NASA Headquarters 
under Contract NASr-21(09). 
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SUMMARY 
Once Rangers 8 and 9 have been launched, t h i s  p r o j e c t ,  a f t e r  
t h r e e  f r u s t r a t i n g  bu t  rewarding years, w i l l  be terminated. It is  
suggested t h a t  a production version of t h i s  v e h i c l e  could continue 
t o  se rve  t h e  programs for lunar exploration, both manned and 
unmanned, as an opera t iona l  t o o l  as w e l l  as provide va luable  
s c i e n t i f i c  information about the moon. To discont inue  t h e  series is  
t o  l o s e  t h e  opportunity of providing r e l a t i v e l y  inexpensive support 
A ,,pflD4 for  t h e  f a r  more expensive Surveyor and Apollo p ro jec t s .  
I 
l -  
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The ideas expressed in  t h i s  Memorandum were made explicit  after 
much discourse wi th  several of my colleagues. 
especially G.  F.  Schilling and S .  M. Greenfield for these discussions 
and their helpful criticism. 
Firstman for h i s  constructive c m e n t s  concerning content. 
I wish to  thank 
In addition I am indebted t o  S. I. 
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I. INTRODUCTION 
t 1961 t h e  f i r s t  of a new s e r i e  of lunar spacec ra f t  
was launched. The system achieved e a r t h  o r b i t ,  f a i l e d  t o  re-ignite, 
and decayed one week later. Thus began t h e  Ranger p r o j e c t ,  the 
successor t o  the unsuccessful Pioneer flybys of 1958-59 and t h e  
Atlki i - -Able  orbiters of i355--60. Three years would pass before  a 
Ranger spacecraf t  would succeed i n  i t s  primary mission of obtaining 
s c i e n t i f i c  information about themoon. Those t h r e e  years  were f i l l e d  
wi th  much f r u s t r a t i o n ,  considerable pressure ,  spacec ra f t  redes ign ,  
management changes, a NASA board of inquiry i n  1962, a NASA f a i l u r e  
review board i n  1964, and a congressional i nves t iga t ion  he ld  by t he  
Subcomnittee on NASA Oversight of t h e  Conrmittee on Science and 
Ast ronaut ics  of t h e  U.S. House of Representatives.  
subsequently i ssued  by the  subcarmittee descr ibes  these  t h r e e  years 
The document 
(1 1 i n  d e t a i l .  
On 28 Ju ly  1964 t h e  seventh Ranger spacec ra f t  w a s  launched. 
Some 66 hours later i t  crashed i n t o  t h e  moon i n  a reg ion  of Mare 
Nubium east of t h e  c r a t e r  Guericke and w e s t  of t h e  mountain range 
Riphaeus. (2) 
p i c t u r e s  of lunar craters as s m a l l  as t h r e e  f e e t  i n  diameter and one 
Before crashing, Ranger 7 t ransmi t ted  back t o  t h e  e a r t h  
foot  deep. 
both s c i e n t i f i c a l l y  and technica l ly  t h e  f l i g h t  w a s  f a r  more successfu l  
than  could have been expected. 
Although these  p i c tu re s  leave  many questions unanswered, 
What can w e  expect of t h e  Ranger p ro jec t  i n  the f u t u r e ?  
J u s t  two Ranger f l i g h t s  remain t o  be  launched; t h e r e  are no 
p lans  a t  t h i s  time t o  extend t h e  series beyond these  two. Ins t ead ,  
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i n t e r e s t  w i l l  cen ter  on a new series of  spacec ra f t  fo r  lunar  
explorat ion.  The Centaur-based Surveyor,  under development for  
s eve ra l  years, w i l l  be sof t - landed on t he  moon t o  sample the  lunar 
s o i l ,  t e s t  i t s  s t r eng th ,  and view t h e  surrounding lunar  landscape. 
The Atlas--Centaur launch-vehicle propuls ion s y s t e m  i s  expected t o  
play a major r o l e  i n  the  explora t ion  of the  moon and p lane ts .  
It was i n i t i a t e d  i n  1958 before  NASA was formed; t h e  f i r s t  launch 
was scheduled fo r  the  middle of 1961. (3) To da te  the  Centaur has 
been t e s t ed  th ree  t i m e s .  It f a i l e d  i n  May 1962, succeeded i n  
November 1963, and f a i l e d  aga in  i n  June 1964. 
There is  no quest ion t h a t  the  so lu t ion  t o  many of t h e  lunar 
problems w i l l  r equ i r e  the  landing of a spacec ra f t  on the  moon, bu t  
i s  i t  reasonable fo r  such a s y s t e m ,  y e t  u n t r i e d ,  t o  t o t a l l y  rep lace  
t h e  fu l ly  developed and tes ted Ranger? 
usefulness ,  e i t h e r  s c i e n t i f i c a l l y  or  t o  the  Manned Space F l i g h t  
Program, c los ing  out t h e  p ro jec t  would be log ica l .  Cer ta in ly  t h i s  
i s  not t he  case.  
lunar surface ( 4 )  and t h e  o r i g i n  of craters (’) continues.  
I f .  t h e  Ranger had no fu r the r  
The controversy concerning the  s t r u c t u r e  of the 
I 
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11. RANGER 7 IMPACT SITE 
With j u s t  two Ranger f l i g h t s  remaining, t he re  w i l l  b e  s t rong 
pressures ,  probably with j u s t i f i c a t i o n ,  t o  use them t o  examine types 
of lunar t e r r a i n  d i f f e r e n t  from the  environs of Mare Nubiun. Ranger 7 
crashed i n  a region confused by the  ray  systems from t h e  craters 
Copernicus and Tycho. 
lowlands. Yet t o  be examined are the  highlands and the  i n t e r i o r s  
o f  large c ra t e r s .  With such a wealth of p o s s i b i l i t i e s  ava i l ab le ,  
t he re  i s  l i t t l e  l ikel ihood t h a t  e i t h e r  Ranger 8 o r  9 w i l l  follow 
Ranger 7 t o  Mare Nubium fo r  a second look. This  i s  j u s t  what s m e  
f u t u r e  Ranger should be programmed t o  do. 
Other maria might be more t y p i c a l  of the  lunar 
Close examination of photographs of t h e  i m p a c t  region before and 
a f t e r  Ranger 7 possibly could determine t h e  presence or absence of 
dust  as a main cons t i tuent  of t h e  lunar surface.  The s i z e ,  shape, 
and appearance of a c r a t e r  caused by an impacting objec t  depends on 
t h e  s i z e  and ve loc i ty  vector of the  object  and the  s t r u c t u r e  of the  
sur face .  I n  a loosely cemented dust su r f ace  of law dens i ty  the  
r e s u l t i n g  c r a t e r  would be much larger  than it would be i f  t h e  sur face  
were s o l i d  rock. The appearance of small secondary c r a t e r s  caused 
by t h e  o r i g i n a l  impact a l s o  i s  dependent on t h e  s t r u c t u r e  of t he  
sur face .  
and i m p a c t  mechanics descr ibe these  e f f e c t s  i n  d e t a i l .  
A mission t o  re-examine the  Mare Nubium s i t e  appears t o  be 
(7 1 Studies  on t h e  lunar sur face ,  (61 lunar c r a t e r  i n t e r p r e t a t i o n ,  
(8 1 
wi th in  t h e  c a p a b i l i t i e s  of t he  Ranger system. NASA has announced 
t h a t  the  Ranger 7 spacecraf t  h i t  t he  moon wi th in  six miles  of t he  
planned impact s i te  and a r r ived  wi th in  19 seconds of i t s  planned 
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a r r i v a l  time. Although the  c a p a b i l i t y  ex i s t ed ,  no terminal  maneuver 
w a s  employed. 
t h a t  was formed by t h e  impact. From energy requirement considera- 
t i o n s ,  Baldwin has estimated") t h a t  a n i cke l - i ron  meteor i te  four 
f e e t  i n  diameter s t r i k i n g  a lunar sur face  of sand, c l ay ,  or grave l  
a t  t en  miles per second would produce a crater over 500 f e e t  i n  
diameter. Ranger, though f i v e  feet  i n  diameter a t  i t s  base,  weighed 
only 800 pounds and h i t  t h e  moon a t  less than two m i l e s  per second. 
It can be estimated t h a t  t h e  r e s u l t i n g  c r a t e r  probably i s  of the  
order of 25 f e e t  i n  diameter. The d i s t ance  above the  moon's su r f ace  
a t  which the  Ranger crater could be observed i s  dependent, of course,  
on the a c t u a l  s i z e  of t h a t  crater and the  above mentioned guidance 
accuracy. NASA has s t a t e d  t h a t  t h e  f i n a l  p i c tu re  obtained by Ranger 
a t  an a l t i t u d e  of 1600 f e e t  showed ob jec t s  as small as t e n  inches.  
The f i e l d  of view a t  t h i s  low a l t i t u d e  w a s  somewhat l a rge r  than one 
square m i l e .  The f i e l d  of view of t he  smaller of t he  two fu l l - scan  
cameras a t  12 miles  a l t i t u d e  was 16 square m i l e s .  Craters as s m a l l  
as 45 f ee t  i n  diameter were detected.  Within these  l i m i t a t i o n s ,  a 
mission t o  re-examine t h e  Ranger 7 impact s i t e  seems feas ib l e .  
It i s  d i f f i c u l t  t o  estimate t h e  s i z e  of t h e  crater 
There i s  no doubt t h a t  t h e  quest ion concerning the  amount of 
dust  on the  lunar  su r face  w i l l  be resolved once a Surveyor spacecraf t  
has been landed successfu l ly  on the  moon or  a lunar o r b i t e r  has been 
properly placed around t h e  moon. 
we can expect the  f i r s t  Surveyor i n  l a t e  1966; t h e  f i r s t  lunar  o r b i t e r  
But when w i l l  t h i s  be? Op t imis t i ca l ly  
. 
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i s  scheduled for the middle of the same year. Since both spacecraft 
are new systems, i t  i s  diff icult  t o  predict when they w i l l  succeed. 
The Apollo project needs the ansuer now. 
extended, perhaps Ranger 9 could be reprogramned to obtain it. 
I f  the Ranger project were 
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111. THE EYES OF THE SURVEYOR AND APOLLO PROJECTS 
The re-examination of the  impact s i t e  of Ranger 7 -- and possibly 
those of Lunik 2 and Ranger 6 -- probably would no t  a lone  j u s t i f y  an 
extension of t h e  Ranger series. It i s  proposed, however, t h a t  an 
a c t i v e  s e r i e s  of Rangers could be a va luable  ope ra t iona l  t o o l  for  
both the manned and unmanned lunar  space f l igh t  programs fo r  t h e  
remainder of t h i s  decade and possibly i n t o  the  next .  During t h i s  
per iod,  Surveyor and Apollo spacecraf t  w i l l  be landing on the  moon. 
If our experience with o ther  major spacec ra f t  i s  any ind ica t ion ,  no t  
a l l  of these Surveyors and Apollos w i l l  be successfu l .  
imperative t o  be a b l e  t o  determine what happened t o  a s p e c i f i c  
spacecraf t  a f t e r  i t  landed. An opera t iona l  Ranger wi th  a guidance 
s y s t e m  somewhat improved (e.g. being a b l e  t o  perform a second mid- 
course maneuver) and a good p robab i l i t y  fo r  a successfu l  mission 
would be a b l e  t o  v i s i t  t h e  lunar  s i t e  i n  quest ion and t ransmi t  
p ic tures  of what i t  sees. It would, i n  e f f e c t ,  become a f l y i n g  
astronomical te lescope ,  a probing set of eyes. 
It may be 
Cer ta in ly  t h e  mission j u s t  descr ibed would be  expensive, but  
even an estimated c o s t  of 20 m i l l i o n  d o l l a r s  per f l i g h t  f o r  a 
production Ranger would b e  considerably less than t h a t  o f ,  fo r  
instance,  an un t r i ed  Centaur-launched Surveyor o r  two. Large sums 
have been invested i n  the  Surveyor and i t s  launch vehic le .  A s  of 
31 December 1963 t b e  t o t a l  amount of funds au thor ized  fo r  Centaur 
development and procurement i s  g rea t e r  than $750 mi l l i on .  (lo) 
estimated cos t  of the scheduled seven Surveyors i s  approximately 
$300 mil l ion.  
The 
This  investment i s  worthy of pro tec t ion .  
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An opera t iona l  lunar o r b i t e r  might be a b l e  t o  perform a s i m i l a r  
mission. The cos t  of t h i s  project  i s  competit ive,  an estimated 
$100 mi l l i on  f o r  f i v e  f l i g h t  vehic les ,  and the  launch vehicle ,  the  
Atlas-Agena, is t h e  same one used by Ranger. Several  operational 
Constraints imposed by the  o r b i t a l  m i s s i o n ,  hcwever, lessen fts 
tlsefdness as m nperational vehicle. The laucch, i n j e c t i o c ,  3cd 
t rans lunar  trajectory are similar t o  those employed by Ranger. The 
spacecraf t  w i l l  be placed f i r s t  i n  a 950 lan lunar o r b i t  and then 
deboosted i n t o  an e l l i p t i c a l  o r b i t  with a lunar  per igee of 46 km. 
I f  t h e  lwest point  of the o r b i t  is over t h e  t a r g e t  area, t h e  higher- 
r e so lu t ion  l ens  system of the  two on board i s  expected t o  d e t e c t  
ob jec t s  as small as one meter. Spacecraft  da t a  co l l ec t ion  and 
t ransmission t o  t h e  e a r t h  cannot be done simultaneously. Only 
during the  46 minutes per o r b i t  when t h e  sun and the e a r t h  are 
mutually v i s i b l e  t o  the  spacecraf t  can information be t ransmit ted.  
Under these  condi t ions it w i l l  r equi re  t e n  days t o  transmit a l l  the  
p i c t u r e s  the  system is  capable of recording. The confidence i n  the  
ope ra t ion ' s  success must be tempered by demonstrated spacecraf t  
r e l i a b  i lit y . 
Ranger has  been f l i g h t  t e s t ed  seven t i m e s  t o  date. The f i r s t  
lunar  o r b i t e r  spacecraf t  w i l l  be t e s t e d  a year  and a h a l f  from n w .  
Since the  o r b i t i n g  spacecraf t  system must demonstrate t h e  a b i l i t y  t o  
change i t s  o r b i t  and t ransmit  i t s  da ta  over a ten-day per iod wi th in  
t h e  c o n s t r a i n t s  of the  imposed geometry, it would appear that t h e  
Ranger has a d e f i n i t e  advantage over t h e  o r b i t e r  as an opera t iona l  
veh ic l e  fo r  t he  manned and unmanned lunar  space f l igh t  programs. 
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Since future missions and human safety may be involved, u t i l i z i n g  the 
Ranger might b e  a re la t ive ly  inexpensive way t o  obtain answers t o  
c r i t i c a l  questions involving more expensive spacecraft systems. 
- 9- . 
I V .  POSSIBLE AUXILIARY BENEFITS 
The p o t e n t i a l  s c i e n t i f i c  usefulness of t h e  Ranger spacecraf t  
w i l l  not be ended once t h e  next two have been launched. I f  both are 
successfu l ,  w e  w i l l  have, a t  most, sets of p i c t u r e s  of t h r e e  reg ions  
on t h e  moon. Even i f  one dared assume t h a t  a good d e a l  of t h e  lunar 
t e r r a i n  w i l l  be similar t o  one of t hese  regions,  t h r e e  po in t s  i n  an 
area near ly  as l a rge  as t h e  combined cont inents  of North and South 
America i s  hard ly  an overwhelming amount of data. Rangers could be 
used t o  examine o ther  i n t e r e s t i n g  a r e a s  including, perhaps, reg ions  
on t h e  unknown s i d e  of t h e  moon. Of course, t h e  lunar r e so lu t ion  
obtained with a Ranger programmed t o  view t h e  f a r  s i d e  of t h e  mom 
would not  necessa r i ly  be as f i n e  as t h a t  obtained wi th  Ranger 7,  
f o r  t he  p i c t u r e s  would have t o  be  t ransmi t ted  before t h e  e a r t h  became 
obscured by t h e  moon. 
r e s o l u t i o n  c o i l d  ob ta in  b e t t e r  p i c tu re s  than  Ranger only of s p e c i f i c  
regions on t h e  f a r  s i d e  of the moon, provided t h e  low po in t  of i t s  
o r b i t  can be placed over those regions. Such an o r b i t  could degrade 
t h e  primary mission ob jec t ives  of t h e  system. Apollo and post-  
Apollo missions are s e v e r a l  years removed i n  time and cannot be 
considered competitive. 
The lunar o r b i t e r  wi th  i t s  planned one-meter 
The primary mission of t h e  lunar o r b i t e r  p ro j ec t  i s  t o  ob ta in  
photographic information i n  support of Surveyor landing-s i te  
s e l e c t i o n  and Apollo landing-s i te  c e r t i f i c a t i o n .  
weeks it w i l l  ob t a in  p i c t u r e s  of s u f f i c i e n t  r e so lu t ion  t o  permit t h e  
mapping of p e r t i n e n t  lunar areas.  Ranger photographs of s p e c i f i c  
Over a period of 
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types of lunar topography at an ultimate resolution of four times 
that of the orbiter would be useful in the photo-interpretation 
of the pictures obtained from lunar orbit. 
The availability of Ranger spacecraft also would permit the 
examination of the earth from various distances. This mission could 
be attempted now, but no project leader with just two flights 
remaining would dare attempt it. In the years to come it is 
hoped that more and more probes will be launched to the planets 
Venus and Mars. Examining the earth as a planet under similar 
conditions, ideally with similar equipment, would provide valuable 
experience for the interpretation of data transmitted from another 
planet. No plans exist for such a project. 
' 
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V. SUGGESTIONS AND CONCLUSIONS 
With t h e  launching of Rangers 8 and 9, scheduled for  early 1965, 
t h i s  series of lunar spacec ra f t ,  under development now f o r  t h r e e  
years, w i l l  be terminated. It i s  suggested t h a t  NASA consider the 
extens ion  of t h i s  series of spacecraf t  beyond i t s  present  termina- 
t i o n  date.  
worthwhile missions: 
The Ranger could be  programmed t o  perform t h e  following 
1. Examine t h e  impact s i t e s  of Ranger 7 and earlier c r a f t .  
The successfu l  landing of an  Apollo spacecraf t  on t h e  sur face  of t h e  
moon depends, among o ther  things,  on t h e  presence and t h e  amount of 
dus t  on the  surface.  
2. Perform opera t iona l  postevaluations of Surveyor and Apollo 
landings. 
more than  o f f s e t  t h e  cos t  of t h e  add i t iona l  Rangers. 
The r e s u l t i n g  b e n e f i t s  t o  these  p r o j e c t s  a lone  might 
3. Examine lunar areas above and beyond t h e  maximum of t h r e e  
t h a t  might be  observed with t h e  present series. High-resolut ion 
photographs of var ious  types of lunar topography would be he lp fu l  
i n  advancing our knowledge of t h e  moon and i n t e r p r e t i n g  photographs 
obtained from a spacecraf t  o r b i t i n g  t h e  moon. 
4. 
appears f r m  d i s t ances  comparable t o  t h e  expected m i s s  d i s tances  of 
t h e  Mariner series of space probes t o  Venus and Mars. 
Observe t h e  e a r t h  as a planet.  W e  kncw nothing of haw t h e  e a r t h  
It is  a n a t u r a l  tendency for  program planners t o  s t r i v e  for  
accomplishments each g rea t e r  than t h e  last. I n  t h i s  manner progress 
i s  made. 
what can be  gained with an ex i s t ing  set of equipment. 
From t i m e  t o  t i m e ,  however, it might be  w i s e  t o  consider 
It i s  suggested 
c 
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that an extension of the Ranger spacecraft s e r i e s  would a id  and 
a s s i s t  the Surveyor and Apollo projects,  provide valuable s c i e n t i f i c  
information, and be we l l  worth the c o s t .  
- 13- 
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